A survey was conducted to determine the presence of free-living amoebae (FLA), especially Acanthamoeba and Naegleria, in river recreation areas in Tehran Province, Iran. All rivers surveyed were associated with human activity, and two were also a source of municipal tap water. Fifty-five water samples from 10 major rivers were screened for FLA and identified by morphological characters, PCR amplification targeting specific genes for Acanthamoeba (DF3 region of Rns gene) and other FLA (ITS PCR), and homology analysis. The percentage of positive FLA isolates was 27.3%, of which 80% were Acanthamoeba, assigned to the T4 and T15 genotype, and 20% were Naegleria.
In Tehran, suburban rivers are increasingly popular, especially for young adults during warm months, and many people enjoy the rivers of suburban Tehran for bathing, fishing and swimming. As there is no current information on the occurrence of potentially pathogenic FLA in rivers of Tehran, this study aimed to evaluate their presence using both morphological criteria and sequencebased methods. To the best of our knowledge this is the first such study.
MATERIALS AND METHODS

Sample collection
Fifty-five water samples from recreational areas of 10 rivers of suburban Tehran Province were collected during warm months of 2010. Five to six sampling sites, in which high levels of activity such as washing, bathing, swimming and fishing were observed, were selected from each river.
Water temperature and pH were recorded at each site. At the time of sampling, the temperatures and pHs of water samples ranged from 21.3-33.4
W C and 5.9-7.0, respectively (Table 2 ). Samples were collected from water approximately 100 cm below the surface, into 500 ml sterile bottles, and transferred immediately to the Department of Parasitology and Mycology, Shahid Beheshti University of Medical Science, Tehran, for further analysis.
Processing of samples
Filtration was performed using a cellulose nitrate filter (pore size 1.2 μm). The filters were inverted on a 1.5% non-nutrient agar plate coated with heat-killed Escherichia coli. Outgrowth of amoebae was monitored daily using an inverted microscope. All positive cultures were submitted to cloning to obtain a single cell line and to eliminate bacterial and fungal contamination of plates for subsequent evaluation (Lorenzo et al. ).
Morphological and molecular analysis
Culture plates containing cloned amoebae and fresh smears were examined for the characteristic morphology of trophozoite and cysts, and classification was determined to genus (Page ) . If vahlkampfiid amoebae were detected they were subjected to an enflagellation test (Sawyer ).
Based on morphological criteria, amoebae were identified as Acanthamoeba or vahlkampfiid amoebae. DNA extractions were performed based on the presence of trophozoites and cysts using either the Instagene matrix kit (Chelex; Biorad) or the phenol-chloroform method (Sambrook et al. ) , respectively.
PCR was performed using two primer sets specific for 
RESULTS
Of 55 water samples from sites in rivers of suburban Tehran, 15 (27.3%) were positive for FLA based on morphological observations, PCR targeting specific genes and sequencebased analysis (Table 1) . Detection rates were 13 (80%) for 
a TRW: Tehran River Water.
b Source for municipal tap water.
Acanthamoeba, and three (20%) for vahlkampfiid amoebae.
Thecamoeba were also found mixed with Acanthamoeba and vahlkampfiid amoebae.
Morphological determination of Acanthamoeba was based on double walled and wrinkled or wavy ectocysts and characteristic acanthopodia of trophozoites (Figure 1 ).
Sequence analysis of the DF3 region of Rns genes of these isolates revealed T4 (92.3%) and T15 (7.7%) genotypes in positive samples, with homology analysis revealing 95-100% similarity (Table 1) . This is the first report of T15 in
Iran. This genotype clustered with A. jacobsi, with 99% identity and query coverage to genes in the gen data banks (accession numbers: GU573867.1 and GU573859.1).
Most Acanthamoeba isolates were recovered from waters at temperatures 21.3-27.7 W C ( Table 2 ). The culture plate of one sample (isolate TRW3) showed various amoebae including Acanthamoeba, vahlkampfiid amoebae, Thecamoeba and some unidentified miniamoebae.
Sequence analysis confirmed T4 genotype and Naegleria fultoni on this plate.
Identification of vahlkampfiid amoebae was based on eruptive trophozoites and spherical cysts and were found in three plates (Tehran River Waters: TRW3, TRW12, TRW38; Figure 2 ). None produced flagellate forms.
Sequence analysis of tree isolates demonstrated 100% Although three vahlkampfiid amoebae were genetically confirmed to be Naegleria, none were positive in a flagellation test. This agrees with recent research in Japan (Edagawa et al. ) , in which 50% of Naegleria amoebae failed to form flagellate forms. Thus sequence analysis of the rRNA gene is recommended for confirmation of presence of Naegleria (De Jonckheere ). We did not detect N. fowleri, a pathogenic vahlkampfiid amoeba, and the causal agent of PAM. This is in accordance with research conducted in Japan (Edagawa et al. ) and the USA (Jamerson et al. ) , and our study provides further evidence that this may be due to lower distribution of this species in river water. However, three species of Naegleria (N. fultoni, N. pagei and N. clarki) were found, according to homology with isolates in the Genbank database (accession numbers: GU597046; AB332170; AJ243445, respectively). It is important to mention that three identified species of Naegleria are non-pathogenic, however a previous study revealed that N. pagei could coexist with pathogenic Legionella pneumophila (Huang & Hsu b) . Endosymbiosis relationship between Naegleria spp. and pathogenic
